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1
PIGMENTS OF SIMULTANEOUSLY
SUBSTITUTED PYROCHLORE AND
RELATED STRUCTURES

BACKGROUND

Pyrochlore compounds have, until recently, been little
explored for use as pigments. Lead antimonate pyrochlore
(C.1. Pigment Yellow 41) was used for many years as a pig-
ment with high yellow color in ceramic bodies, some glazes,
glass enamels and even in artists colors. The use of lead
antimonate pyrochlore diminished for two reasons: first, the
pigment contains lead, which precludes its use in many deco-
rative articles; second, technically superior alternatives arose
for many applications.

Specific mixtures of rare earth oxides and vanadium
oxides, often modified through substitution of alkali earth
may be potential ceramic colorants. U.S. Pat. No. 6,582,814,
describes examples of rare earth titanates which clearly
belong in the pyrochlore class, though none are of high
chroma and are thus of limited commercial value.

BRIEF SUMMARY

This disclosure relates to a compound or a pigment com-
prising a compound where there is simultaneous substitution
of more or more elements onto both the A and B sites of a
pyrochlore lattice or a lattice related to a pyrochlore.

A pigment comprises a compound with the formula of
A A" BB Z; wherein:

1.5=y+y'<2.5; 0.5=p=2; 0.5=y'<2; and y>y';
1.5=x+x'<2.5; 0.5=x<2; 0.5<x'<2; and x>x";

S=p=9;

A and A' are elements having a valence of 1, 2, or 3,
selected from the elements of groups 1, 2, 12, 13, 14, 15, and
the first row of transition metals, excluding H, Pb, Cd, Hg, N,
As, and T1; A=A,

B and B' are elements having a valence of 3, 4, 5, or 6,
selected from the elements of the first, second, or third row of
transition metals, groups 13, 14, and 15, excluding V, C, Pb,
and TI; B=B';

Z is selected from O, F, N, a chalcogen, S, Se, hydroxide
ion, and mixtures thereof.

A compound with the formula of A A' B B',.Z,; wherein:

x— x'"ps

0.5=y+y’s2, and y>y';
0.5=x+x'<2, and x>x';

S=p=9;

A and A' are elements having a valence of 1, 2, or 3,
selected from the elements of groups 1, 2, 12, 13, 14, 15, and
the first row of transition metals, excluding H; A=A'";

B and B' are selected from are elements having a valence of
3,4, 5, or 6, selected from the elements of the first, second, or
third row of transition metals, groups 13, 14, and 15, exclud-
ing V, C, Pb, and T1; B=B'";

wherein either A comprises at least one of Al or boron, or B
comprises P;

Z is selected from O, F, N, a chalcogen, S, Se, hydroxide
ion, and mixtures thereof.

These and other objects and advantages shall be made
apparent from the accompanying drawings and the descrip-
tion thereof.
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2
BRIEF DESCRIPTION OF THE FIGURES

The accompanying drawings, which are incorporated in
and constitute a part of this specification, illustrate embodi-
ments, and together with the general description given above,
and the detailed description of the embodiments given below,
serve to explain the principles of the present disclosure.

FIG. 1 shows a unit cell of a fluorite lattice, left and of a
pyrochlore lattice, right. Small and medium spheres represent
cations with higher and lower valence respectively. Large
spheres represent the anion, generally O*~. The arrow indi-
cates the anion site vacancy.

DETAILED DESCRIPTION

The term ‘pyrochlore’ refers to a class of materials of the
general formula A,B, X, which is isostructural to the mineral
pyrochlore (NaCa)(NbTa)O.F/(OH). The ideal pyrochlore
structure is a cubic Fd-3m lattice where A is generally a large
and low valent cation (M****3*), B is a small and high valent
cation (M>**°*5) Oxygen is a common anion. The for-
mula is often written as A,B,0,0' as the pyrochlore structure
can be split into a B,0, framework with an interpenetrating
sub-lattice of A,O'.

The structure closely resembles the fluorite structure,
CaF,, as an extended defect version. FIG. 1 shows the fluorite
structure on the left, and the pyrochlore structure on the right.
The pyrochlore, in comparison, has 2 cation sites vacant, and
4 anion sites vacant. Small and medium spheres represent
cations with higher and lower valence respectively. Large
spheres represent the anion, generally O*~. The arrow indi-
cates the anion site vacancy.

The B,O, framework is made up of corner shared BOg
octahedra, whereas the A,O' sub-lattice can be described as
an AO, scalenohedral network. The flexibility of the pyro-
chlore lattice allows for the synthesis of a large number of
materials containing a large variety of elements with a large
range of oxidation states. In addition, the lattice also allows
for defects often resulting in the formula AB,O4 where half of
the A cation sites are vacant, and all of the O' anion sites are
vacant. These defects and interlocking lattices extend the
potential multiple site occupations possible, and make the
general class of pyrochlores, with and without defects, useful
as potential pigments.

Synthetic Methods:

Compounds may be synthesized by heating an intimate,
intensively blended mixture of metal oxides, carbonates,
salts, and chalcogenides, at elevated temperatures ranging
from 500° C. to 1300° C., sometimes various atmospheres,
such as air or inert atmospheres. Elevated temperatures are
employed to achieve faster rates of reactions, which in poly-
crystalline materials, is limited by ion diffusion.

Alternatively, compounds may be prepared wet chemistry
methods such as precipitation and ion exchange. In precipi-
tation reactions, aqueous solutions of metal halides or nitrates
are mixed with aqueous solutions of alkaline metal acids to
form a solid pyrochlore-type material. The precipitation is
controlled by the selected metal precursors, pH, solution con-
centrations, and temperature. This material may or may not be
subjected to additional calcination steps of 200° C.-1100° C.

Ton exchange reactions utilize hydrous, or pre-calcined
pyrochlore type materials. The solid pyrochlore type material
is immersed in an acidic metal halide, or metal sulphate
solution, and heated at low temperatures while continuously
mixing. The rate of the exchange reaction, approximately 1
hour to 1 day, is controlled by the pH, metal precursors,
solution concentration, and temperature. The solid material is
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then repeatedly washed, dried, and in some cases calcined at
temperatures ranging from 200° C.-1100° C.
Predicted Stability Range of Pyrochlores:

Empirical rules have been developed, based on atomic radii
and coordination number, to describe the range of possible
binary combinations of divalent with pentavalent and triva-
lent with tetravalent metal ions which would comprise an
A,B,0, pyrochlore.

The stability range of pyrochlore has been defined in two
general ways. First, the ratio of radius of the “A” and “B”
atoms to one another has been used by Subramanian to define
stability of binary 3:4 and 2:5 pyrochlores. Secondly, toler-
ance factors, which also accounts for the oxygen or chalcogen
radius, can be calculated. For 3:4 pyrochlores a stability range
for Ra/Rb is 1.40<Ra/R<1.80; in the case of 2:5 pyrochlores
this expands to 1.46<Ra/Rb<12. The utility of tolerance fac-
tors have been examined for the larger class of 3:4 pyro-
chlores, and the expected range of tolerance for simple cases
of 3:4 pyrochlores is as given in equation 1.

10\/?(1?8 +Ro) Equation 1

8[Ra + (V3 +1)Ro]

For ideal Fd-3m pyrochlores of the binary M(III),M(IV)
,0- class, when Ra/Rb is between 1.4 and 1.8 and tolerance
factor is between 0.925 and 1.05, the stability is predicted to
be high. What has surprisingly been found are compositions
with pyrochlore or pyrochlore related structures that are
stable despite the fact that they do not fall within the predicted
stability zone, often these are accessible with significant
deviations from ideal A,B, X, stoichiometry. These structures
can include B, Al, or P.

In some embodiments, a pigments comprises a compound
with the formula of A A' B B'..Z,,. The values fory, y', x, X,
and p satisfy the equations:

1.5=y+y'<2.5; 0.5=p=2; 0.5=y'<2; and y>y';
1.5=x+x'<2.5; 0.5=x<2; 0.5<x'<2; and x>x";

S5=p=9.

Elements A and A'have a valence of 1, 2, or 3; and are selected
from the elements of groups 1, 2, 12, 13, 14, 15, and the first
row of transition metals, excluding H, Pb, Cd, Hg, N, As, and
T1. A is notthe same as A'. However, A and A' may both be the
same element if they have different formal charges. Elements
B and B' have a valence of 3, 4, 5, or 6; and are selected from
the elements of the first, second, or third row of transition
metals, groups 13, 14, and 15, excluding V, C, Pb, and T1. B is
not the same as B'. However, B and B' may both be the same
element if they have different formal charges. Element Z is
selected from O, F, N, a chalcogen, S, Se, hydroxide ion, and
mixtures thereof.

In some embodiments, the compounds has the formula of
AA" BB Z, The values for y, y', x, X', and p satisfy the
equations:

0.5=y+y’s2, and y>y';
0.5=x+x'<2, and x>x';

S5=p=9.

Elements A and A'have a valence of 1, 2, or 3; and are selected
from the elements of groups 1, 2, 12, 13, 14, 15, and the first
row of transition metals, excluding H. A is not the same as A'.
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However, A and A' may both be the same element if they have
different formal charges. B and B' are selected from elements
having a valence of 3, 4, 5, or 6, selected from the elements of
the first, second, or third row of transition metals, group 13,
14, and 15, excluding V, C, Pb, and T1. Elements A and B are
selected so that either A comprises at least one of Al or boron,
or B comprises P. B is not the same as B'. However, B and B'
may both be the same element if they have different formal
charges. Element Z is selected from O, F, N, a chalcogen, S,
Se, hydroxide ion, and mixtures thereof. In some embodi-
ments, A is selected from a rare earth metal or mixtures
thereof. Examples of rare earth metals include, Sc, Y, La, Ce,
Pr, Nd, Pm, Sm Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, and Lu.

In some embodiments, A is selected from Sn, Zn, boron,
and Al.

In some embodiments, B and B' are selected from Sb, Nb,
Ta, P, Sn, Ti, Zr, Hf, W, Mo, and mixtures thereof.

The formal charge on elements A and B may vary, such as
the formal charge on A is +2, and the formal charge on B is +5,
or the formal charge on A is +3, and the formal charge on B is
+4.

While this disclosure primarily discusses the pyrochlore
structure, the compound may be in several possible struc-
tures, such as a pyrochlore, fluorite, or weberite structures.

While the present disclosure has illustrated by description
several embodiments and while the illustrative embodiments
have been described in considerable detail, it is not the inten-
tion of the applicant to restrict or in any way limit the scope of
the appended claims to such detail. Additional advantages
and modifications may readily appear to those skilled in the
art.

EXAMPLES
Example 1

A mixture of titanium dioxide, stannous oxide, stannic
oxide, niobium oxide and zinc sulfide in mass proportions of
19:44:6.5:26:4.5 was made using a Waring blender. The
resulting homogenous blend was calcined under flowing inert
gas at a temperature between 800° C. and 1000° C. The
resulting product, following comminution with 0.7-mm zir-
conia media in water, was a very bright yellow powder having
excellent pigmentary value. The approximate molecular for-
mula of the resulting pigment was:

Sn(Il); 37Zn(I)g, 10 TiIV) 1 0Sn(IV)g 2
Nb(V)o.605.7750.10-

Example 2

A mixture of aluminum oxide, niobium oxide, stannous
oxide and stannic oxide and zinc sulfide in proportions of
16:42:30.5:9.5:2 was made using a Waring blender. The
resulting homogenous blend was calcined under flowing inert
gas at a temperature between 800° C. and 1000° C. The
resulting product, following comminution with 0.7-mm zir-
conia media in water, was a bright yellow-orange powder
having excellent pigmentary value.

Example 3

A mixture of aluminum oxide, niobium oxide, stannous
oxide and stannic oxide in proportions of 16:41:33.5:9.5 was
made using a Waring blender. The resulting homogenous
blend was calcined under flowing inert gas at a temperature
between 800° C. and 1000° C. The resulting product, follow-
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ing comminution with 0.7-mm zirconia media in water, was a
bright yellow powder having excellent pigmentary value.

Example 4

After milling to a d50 of <0.8 micron the products from
examples 1, 2 and 3 were incorporated into an acrylic paint.
Color was compared in masstone and letdown (4:1 with tita-
nium dioxide) with that obtained using a pyrochlore pigment

6

and dried in an oven at 90° C. The resulting powder was a
uniform yellow colored powder.

Example 7

An intimate mixture of K,COj, Ta,0;, and WO, was made
using an intensive blending mixture in molar ratios of 1:1:2 to
3:3:1 The raw batch was loaded into an open top alumina boat
and fired in air at 550 C for several hours and then at 850 C.

made in accordance with U.S. Pat. No. 8,192,541, sold as 10 The resulting white product was then ground to a reduced
YL10C151 by the Shepherd Color Company. The procedure particle size in a Sn®* solution. The resulting slurry was then
is described in U.S. Pat. No. 8,192,541, example 10. The placed in an excess ofa Sn** solution and magnetically stirred
resulting color coordinates are shown in Tables 1 and 2. at room temperature for several hours. The slurry was then
TABLE 1
Masstone
Name L* a* b* C* he
YL10CI51 7745 2107 7647  79.32 74.59
Name AL* Aa* Ab*  AE* %STR-WSUM  L* a* b* c* he
Example 1 -4.92 059 -756  9.04 101.49 7254 21.66 6890 7223 7255
Example2  3.04 -558 537 832 100.89 80.50 1550  81.84 8329  79.28
Example3 558 -10.17 -541  7.35 109.72 83.03 1090 8434 8504 82.64
TABLE 2
Letdown
Name L* a* b* C* he
YL10C151 87.15 927 4379 4476 78.05
Name AL* Aa* Ab*  AE* %STR-WSUM  L* a* b* c* he
Example 1 -425 296 023 519 139.06 8290 1223 44.02 4569 7447
Example2 479 -822 -448 1051 55.70 91.94 105 3931 3932 8847
Example3  3.64 -5.66 -5.60 875 5831 90.79  3.60 3819 3836  84.61
Example 5 filtered, washed with deionized water, and dried in an oven at
90° C. The resulting powder is a uniform yellow-green col-
Anintimate mixture of K,COj;, Sb,0;, and WO, was made ored powder.
using an intensive blending mixture in molar ratios of 1:1:2to 45
3:3:1 The raw batch was loaded into an open top alumina boat Example 8
and fired in air at 550° C. for several hours and then at 850° C. o )
The resulting white product was then ground to a reduced An intimate mixture of K,CO;, Sb,0;, Nb,Os, and WO,
particle size in a Sn** solution. The resulting slurry was then was made using an intensive blending mixture in molar ratios
placed in an excess of'a Sn** solution and magnetically stirred 50 0f1:0.5:0.5:2 t0 3:1.5:1.5:1 The raw batch was loaded into an
at room temperature for several hours. The slurry was then open top alumina boat and fired in air at 550° C. for several
filtered, washed with deionized water, and dried in an oven at hours and then at 850° C. The resulting white product was
90° C. The resulting powder was a uniform yellow colored then ground to a reduced particle size in a Sn>* solution. The
powder. resulting slurry was then placed in an excess of a Sn** solu-
55 tion and magnetically stirred at room temperature for several
B 6 hours. The slurry was then filtered, washed with deionized
Xample water, and dried in an oven at 90° C. The resulting powder was
a uniform yellow colored powder.
An intimate mixture of K,CO;, Nb,O;, and WO; was
made using an intensive blending mixture in molar ratios of 60 Example 9
1:1:2 to 3:3:1 The raw batch was loaded into an open top
alumina boat and fired in air at 550° C. for several hours and An intimate mixture of K,CO;, Al(OH);, and WO, was
then at 850° C. The resulting white product was then ground made using an intensive blending mixture in molar ratios of
to a reduced particle size in a Sn** solution. The resulting 3:1:5. The raw batch was loaded into an open top alumina
slurry was then placed in an excess of a Sn** solution and 65 boat and fired in air at 350° C. for several hours and then at

magnetically stirred at room temperature for several hours.
The slurry was then filtered, washed with deionized water,

750° C. The resulting light yellow product was then ground to
areduced particle size. The resulting powder was then placed
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in an excess of a Sn** solution and magnetically stirred at
room temperature for several hours. The resulting yellow-
green powder was then filtered, washed with deionized water,
and dried in an oven at 90° C.

Example 10

An intimate mixture of K,COj;, TiO,, and WO, was made
using an intensive blending mixture in molar ratios of 2:1:3.
The raw batch was loaded into an open top alumina boat and

8
Example 13

After milling to a d50 of less than 1 micron, the products of
examples 1, 2, 3, 4, 5 and 6 were incorporated into an acrylic
paint. Color was compared in masstone with that obtained
using a pyrochlore pigment made in accordance with U.S.
Pat. No. 8,192,541, sold as YL.10C151 by the Shepherd Color
Company. The procedure is described in U.S. Pat. No. 8,192,

L. 10 . .
fired in airat 350° C. for several hours and then at 750° C. The 541, example 10. The resulting color coordinates are shown
resulting light yellow product was then ground to a reduced in Table 3.
TABLE 3
Masstone
Name L* a* b* C* he
YL10C151 7746  21.63 7755 80.51 74.42
Name AL* Aa* Ab* AE*  %STR-WSUM  L* a* b* c* he
Example 5 -1.87  -3.69 -19.05 19.49 54.79 7559 1794 5851 6120 7295
Example 6 0.60 -810 -1478 16.87 55.69 78.06 1352 6277 6421  77.84
Example 7 568 -14.58 -16.87 23.00 38.00 83.14 705 60.69 6110 8337
Example 8 191 -1005 -19.14 2170 44.06 7937 1157 5842 59.55 7879
Example 9 -208 -13.26 -2028 24.32 55.54 7538 837 5727 57.88  81.69
Example 10 -348 -1238 -21.70 25.22 56.72 73.98 925 5585 5661  80.59
particle size. The resulting powder was then placed in an Examples 14-19
excess of a Sn** solution and magnetically stirred at room 30
temperature for several hoqr 8. Tl.le Fesultlng green po.wdfzr Stannous, stannic, titanium, tungsten and aluminum oxides
was then ﬁlte(r)ed, washed with deionized water, and dried in in various proportions shown in table 4, were intimately
an oven at 90° C. mixed in a Waring blender along with specific amounts of
either sodium carbonate or zinc oxide.
35
TABLE 4
Example 11
14 15 16 17 18 19
40 SnO 3826 3726 3626  36.26 34.26 32.26
. . . Sno, 573 573 573 573 5.73 5.73
An intimate mixture of K,CO;, TiO,, and WO, was made 1, 1693 1693 1693 1693 16.93 16.93
using an intensive blending mixture in molar ratios of 2:1:3. WO, 3478 3478 3478 3478 34.78 3478
The raw batch was loaded into an open top alumina boat and ALO, 1275 1275 1275 1275 1275 1275
fired in air at 350° C. for several hours and then at 750° C. The Na,CO; 0.79 1.57
resulting light yellow product was then ground to a reduced 45 Zn0 121 242 3.62
particle size. The resulting powder was then placed in an
excess of a Co®* solution and magnetically stirred at room . . . N
LT The resulting mixtures were calcined under flowing inert
temperature for several hours. The resulting light purple pow- o .
. . . gas at 800° C., the products yielded were deep burgundy red
der was then filtered, washed with deionized water, and dried : . . .
. o 50 incolor. Powder X-ray diffraction patterns show the resulting
in an oven at 90° C. .
products to adopt the Sn, TiWO,, phase.
Examples 20-21
Example 12 55
The products from examples 14 and 15 were thermally
annealed in air at 470° C. The intrinsic color of the product
An intimate mixture of K,CO,, AI(OH),, and WO, was remained a burgundy red, though it was substantially bright-
made using an intensive blending mixture in molar ratios of ened.
3:1:5. The raw batch was loaded into an open top alumina 60
boat and fired in air at 350° C. for several hours and then at E
o L xamples 22-24
750° C. The resulting light yellow product was then ground to
areduced particle size. The resulting powder was then placed
in an excess of a Co>* solution and magnetically stirred at The products from examples 17 to 19 are thermally
room temperature for several hours. The resulting light tur- 65 annealed in air at 500° C., intrinsic color remains a burgundy

quoise powder was then filtered, washed with deionized
water, and dried in an oven at 90° C.

red, but is substantially brighter. Color results for examples
14 through 19 and 22 through 24 are shown below in Table 5.
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TABLE 5
Masstone
Masstone Tint
Example L* a* b* Cc* he L* a* b* Cc* he
14 3528 1943 1277 2325 3331 6339 1063 -1.33 1072 3529
15 3408 17.73 10.58 20,65 3081 6449 92  -2.68 9358 3437
16 3311 17.64 9.56 2007 2844 6699 83  -3.22 89 3388
17 3682 2096 1481 2566 3524 63.81 1264 121 127 5.48
18 37.61 22.05 1542 269 3496 64.83 13.18 145 13.26 6.28
19 3817 22.83 1607 2792 3514 6572 1348 1.82 136 7.7
22 37.63 2477 18.02  30.63 3604 6687 1434  3.02 1465 1191
23 3917 2678 2012 335 3691 67.62 1534 394 1584 144
24 41.03 2865 2175 3597 372 6868 1636 485 1706 1653
Examples 25-36
Lanthanum, stannous, niobium, titanium and zinc oxides
in various proportions were intimately mixed using a Waring
blender then fired at temperatures within the range 1500° F.to 20
1800° F. in an atmosphere of flowing inert gas. The blends for
examples 25, 27, 28 and 29 also incorporated potassium
carbonate as a source of potassium oxide in the fired product.
Examples 34 through 36 feature substitution of samarium
oxide in lieu of an equimolar quantity of lanthanum oxide. 25
The resulting products were yellow to golden-yellow com-
pounds. The dominant structure exhibited was, generally, that
of pyrochlore, though examples prepared well outside elec-
trical balance for a (A,A"):(B,B') pyrochlore may exhibit trace
phases such as LaNbO,. Molar proportions are shown in
Table 6.
TABLE 6
Molar proportions used in examples 25-36
Component
Oxides 25 26 27 28 29 30 31 32 33 34 35 36
K,0 025 0 025 025 0 025 0
Ca0 0 o 0
Nb,Os L5 1 125 13 13 115 14 11 135 14 11 135
Sno L5 19 19 15 19 19 21 19 19 21 19 19
TiO, 02 02 02 02 04 03 02 04 03
La,03 025 0 025 045 02 045 045 02 055
Sm,0; 045 02 055
ZnO 01 01
(A, A 225 2 275 265 23 305 3 23 3 255 21 245
(B,B) 3 2 25 28 28 25 3 26 3 3 26 3
Example 37
After grinding to sub-micron particle size, the resulting <
powders from examples 25 through 36 were incorporated into
an acrylic enamel and color determined in masstone and tint
as described in U.S. Pat. No. 8,192,541, example 10. A sub-
set of these results are shown in Table 7 versus a typical
niobium tin zinc pyrochlore yellow, sold by Shepherd Color
Company as YL10C151.
TABLE 7
Masstone color for Example 37
Control L* a* b* ill-obs he c*
YLI0C151 7747  21.65  78.03 D65-10 745 80.97
Example L* a* b* DL* Da* Db* DE* he c*
25 80.56 1518 8179  3.09  -647 376 8.1 7949  83.19
26 79.65 1412 8141 218 753 338 853 80.16  82.62
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TABLE 7-continued
Masstone color for Example 37
27 8046 558 7465 299 -1606 -338 1668 8572  74.86
29 7505 2113 7721 -242 052 -082 2.6 747  80.05
34 73.04 2261 738  -443 096 -423 62 7297 7718
35 7679 21.63 7819  -0.68 002 016 07 7454 8113
36 7524 206 7551 -223 105 -252 352 7474 7827
. . . . 10
Tint strength in these samples generally varies in propor- TABLE 9
tion to the tin content, as suggested by data shown in Table 8,
but in masstone perceived chroma and hue is not directly !
. . .. Masstone and Tint Color Data for Example 41
correlated to either tin or niobium content. Thus these
examples provide commercially attractive means to lower 15
costs through substitution for niobium on the “B” site of this Masstone
multiply substituted A,B, pyrochlore. Example L a* b* e he
TABLE 8 38 7642 1924 7487 773 7559
20
39 69.56 2855 6612 7202  66.65
Tint strength vs. Niobium and Tin Content from Example 37 40 68.88 28.56 66.75 72.6 66.84
SnO Sn vs Nb205 Tint STR - :
Tint
Sample % Control % % 5
Example L* a* b* Cc* he dso
Control 46% 100% 50.4% 100
Trials 38 86.57 848 4494 4573 7932 09
39 8596  11.83  27.13 29.6 6645 174
25 28% 61% 56% 41 30 40 84.04 1355 3205 348 6709 111
26 48% 104% 50% 75
27 36% 78% 47% 66
29 37% 80% 51% 72
34 31% 67% 44% 63 15 Examples 42-52
35 34% 74% 45% 68
36 31% 67% 43% 60
Mixtures of bismuth oxide, niobium pentoxide, antimony
oxide, and iron oxide in various proportions, close to those for
40 making an electrically neutral pyrochlore, were intimately
Examples 38-40 mixed using a Waring blender then fired, in air, at tempera-
tures within the range of 1350° F. to 1700° F. The resulting
. . . . roducts, after milling, exhibited a range of colors from ve
Mixtures of stannous oxide, niobium pentoxide, stannous P ’ 5 e ) g . vy
- 3 3 : i . deep orange-brown to light orange; the dominant or sole
pyrophosphate and either zinc oxide or zinc sulfide in various 45

proportions, close to those for making an electrically neutral
pyrochlore, were intimately mixed using a Waring blender
then fired at temperatures within the range 1350° F. to 1700°
F. under flowing argon. The resulting products, after milling,
were deeply orange-toned yellow powders exhibiting the
pyrochlore structure. Example 38 was made to normal ratios
for the commercial YL10C151. Examples 39 and 40 exhibit
effects of 10-mol % substitution of stannous pyrophosphate
for niobium oxide and stannous oxide simultaneously. Intro-
duction of stannous pyrophosphate into the raw batch signifi-
cantly lowers firing temperature and greatly increases the
redness of the fired product, even after grinding to about 1
micron d50.

Examples 41

The products from examples 38 through 40 were subjected
to color analysis as described in U.S. Pat. No. 8,192,541,
example 10. The results are exhibited in Table 9.

55

60

65

phase observed in their x-ray powder diffraction patterns was
that of a pyrochlore. Color is deeper and richer in hue as
Bismuth content increases. Masses of oxides are used in these
examples are shown in table 10.

Examples 53-54

Mixtures of bismuth oxide, niobium pentoxide, antimony
oxide and iron oxide in various proportions, close to those for
making an electrically neutral pyrochlore, were intimately
mixed using a Waring blender then fired, under argon or inert
atmosphere, at temperatures within the range 1350° F. to
1700° F. The resulting products, after milling, exhibited a
range of colors from very deep red-toned black to red-orange,
the dominant or sole phase observed in their x-ray powder
diffraction patterns was that of a pyrochlore. Color is darker
in hue for the antimony containing example (54) than for the
bismuth analog (53).
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TABLE 10
Masses of Oxides Emploved in Examples 42 to 54
Oxides 42 43 44 45 46 47 48 49 50 51 52 53 54
Bi,04 93.19  46.60 88.53 83.87 79.21 74.55 69.89 65.23 60.57 5592 5126 93.19  46.60
Sb,0;3 0.00  29.15 2.92 5.83 8.75 11.66 14.58 1749  20.41 2332 2624 0.00 29.15
Fe,05 15.97 15.97 15.97 15.97 15.97 15.97 15.97 15.97 15.97 15.97 15.97 15.97 15.97
Nb,O4 2658  26.58 26.58  26.58 26.58  26.58  26.58 26.58  26.58 26.58  26.58  26.58 26.58

Examples 55-63

Mixtures of oxides were made in the proportions exhibited

in Table 11 and calcined, in air, to temperatures between 2000

and 2200° F. The resulting pigments, when ground and incor-
porated into an acrylate copolymer paint exhibited the char-
acteristic color shown in Table 11.

TABLE 11

Elemental Proportions of and Color Exhibited by Examples 55-63

Elements 55 56 57 58 39 60 61 62 63

Ce 1.8 1.8 1.8 1.8 1.8 1.8

Ni 02 02 0.2 0.2 0.2 0.2

Co 0.2 0.2 0.2

La 1.8

Nd 1.8 1.8

w 0.1

Mo 0.1

Ta 0.2

Sb 0.2 0.2 0.2 0.2 0.2

A% 0.2

Ti 1.9 1.9 1.8 1.8 1.8 1.8 1.8 1.8 1.8

o 7 7 7 7 7 7 7 7 7
Olive  Green Pale

Color Buff Green Yellow Brown Yellow Lavender Brown Brown Grey

Examples 64-72

Mixtures of oxides were made in the proportions exhibited
in Table 12 and calcined, in air, to temperatures between 2000
and 2200° F. The resulting pigments, when ground and incor-
porated into an acrylate copolymer paint exhibited the char-
acteristic color shown in Table 12.

TABLE 12

Elemental Proportions used in Raw Batches for Examples 64-72 and the

colors obtained.

Elements 64 65 66 67 68 69 70 71 72
Nd 1.8 1.8
Ni 0.2
Co 02 02 0.2 0.2
Mn 0.2
La 1.8 1.8 1.8 1.8 1.8 1.8 1.8
Fe 0.2 0.2 0.2
w
Mo 0.1
Ta 0.2 0.2
Nb 0.2 0.2 0.2
Sb 0.2 0.2 0.2
Zr 1.8 1.8 1.8 1.8
Si 1.8 1.8 1.8
Ti 1.8 1.8 1.8
o 7 7 7 7 7 7 7 7 7
Dk.
Yellow Yellow Brown- Dk Dark Dk
Color Green Brown Brown Brown Yellow Grey Grey Brown Black
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What is claimed is:

1. A pigment comprising a compound with the formula of

A A' B.B'..Z,; wherein:

1.5=y+y'<2.5; 0.5=y=2; and y>y';
1.5=x+x'<2.5; 0.5=x<2; and x>x';

S=p=9;

A and A' are elements having a valence of 1, 2, or 3,
selected from the elements of groups 1, 2, 12, 13, 14, 15,
and the first row of transition metals, excluding H, Pb,
Cd, Hg, N, As, and T1;

A=A";

B and B' are elements having a valence of 3, 4, 5, or 6,
selected from the elements of the first, second, or third
row of transition metals, groups 13, 14, and 15, exclud-
ing V, C, Pb, and T,

B=B';

Z is selected from O, F, N, a chalcogen, S, Se, hydroxide
ion, and mixtures thereof.

2. The pigment of claim 1, wherein A is selected from Sn,

Zn, boron, and Al.

3. The pigment of claim 1, wherein B and B' are selected
from Sb, Nb, Ta, P, Sn, Ti, Zr, Hf, W, Mo, and mixtures
thereof.

4. The pigment of claim 1, wherein the formal charge on A
is +2, and the formal charge on B is +5.

5. The pigment of claim 1, wherein the formal charge on A
is +3, and the formal charge on B is +4.

6. The pigment of claim 1, wherein the compound has a
pyrochlore structure.

7. The pigment of claim 1, wherein the compound has a
fluorite structure.

8. The pigment of claim 1, wherein the compound has a
weberite structure.

9. The pigment of claim 1, wherein A is selected from a rare
earth metal or mixtures thereof.
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10. A pigment comprising a compound with the formula of
AA BB Z; wherein:
0.5=y+y’=2, and y>y';

0.5=x+x'<2, and x>x';
S=p=9;

A and A' are elements having a valence of 1, 2, or 3,
selected from the elements of groups 1, 2, 12,13, 14, 15,
and the first row of transition metals, excluding H;

A=A,

B and B' are selected from elements having a valence of 3,
4, 5, or 6, selected from the elements of the first, second,
or third row of transition metals, group 13, 14, and 15,
excluding V, C, Pb, and TI;

wherein either A comprises at least one of Al or boron, or B

comprises P;

B=B';

Z is selected from O, F, N, a chalcogen, S, Se, hydroxide

ion, and mixtures thereof.

11. The pigment of claim 10, wherein A comprises an
element selected from Sn, Zn, boron, and Al.

12. The pigment of claim 10, wherein B and B' indepen-
dently comprise an element selected from Sb, Nb, Ta, P, Sn,
Ti, Zr, Hf, W, Mo, and mixtures thereof.

13. The pigment of claim 10, wherein the formal charge on
A is 42, and the formal charge on B is +5.

14. The pigment of claim 10, wherein the formal charge on
A is 43, and the formal charge on B is +4.

15. The pigment of claim 10, wherein the compound has a
pyrochlore structure.

16. The pigment of claim 10, wherein the compound has a
fluorite structure.

17. The pigment of claim 10, wherein the compound has a
weberite structure.

18. The pigment of claim 10, wherein A is selected from a
rare earth metal or mixtures thereof.

#* #* #* #* #*



